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Abstract.
In this work we suggest and discuss a microstructure of air capillaries with elliptical cross-section in a tread of glass that gives opportunity for creation of polarization-preserving fiber with very small beat length between the fundamental modes of different polarization.
In 1996 a first working example of so called "endlessly single mode photonic crystal fiber" was reported [l] . It should be noted that the fundamental mode for such a fiber consists actually of two degenerate modes. This polarization degeneracy may be removed by breaking the symmetry of the structure, and usually is removed due to imperfections of shapes and positions of holes occurring in the process of manufacturing. For another type of photonic crystal fiber (so-called photonic band-gap crystal fiber, which guides light due to presence of band-gap in the lattice of cladding holes [2] ), birefringence induced by imperfections or breaking symmetry defect can be as large as 0.01 [3]. However, in all previous works on photonic crystal fibers it was assumed that the cladding holes ideally are circular-symmetric, and that the fundamental cladding mode is degenerate.
In our work we present a design of index-guiding photonic crystal fiber with elliptically shaped air capillaries. A core region in such fiber is formed by a smaller elliptical hole (Fig.1) . As it will be seen later, such design allows to introduce strong birefringence, and to make a photonic crystal polarization-preserving fiber with extremely small beat length. To model the waveguiding properties of the suggested fibers we use a biorthogonal plane-wave method as it is described in the work The fact of utmost importance for our design is that due to the elliptical shape of holes, which form the cladding of our fiber, the polarization degeneracy of fundamental cladding modes is lifted, and the appearing birefringence may be very large.
In Fig.2 the modal indices are plotted for fibers with cladding of hexagonal and square lattice of elliptical holes. For comparison we have analyzed the modal indices for core defects formed by a completely missing hole and by a single hole with a smaller size than the cladding holes. It was found that the presence of a smaller hole in the core gives rise to larger birefringence, than in the case of a missing hole.
We have further observed an interesting and unusual feature: the elliptical cladding holes cause a splitting of the fundamental cladding mode into two non-degenerete polarization states. For a region of frequency values the propagation constant for one of the fiber states can be less than one for the fundamental cladding polarization states, and can even coincide with it. Naturally, it gives rise to the assumption that this fiber mode is leaky. However, a closer look reveals that it is not true. In Fig.3 The supposedly leaky mode Fig. 3 (b) appears to be even better localized than the other one. It is possible to give an estimation of how strongly this fiber mode is coupled to the cladding mode 
